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I. Key Questions in Assessing the Validity of a Biomarker of Tobacco Smoke 
Exposure 

f dUo 

How well does the concentration of the marker reflect exposure to toxic 
constituents of tobacco smoke that are of concern? 

How well does the concentration of a particular chemical in a biological fluid 
reflect an individual's intake of that chemical (or a related chemical) from tobacco 
smoke? 
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II. Various Proposed Biomarkers for Tobacco Smoke Exposure 

Nicotine and metabolites ( f CrUv i\ ' ) ^ 

Minor tobacco alkaloids / Qrv; K-rl ^ 

Carbon monoxide - - ^ y 

4. Hydrogen cyanide (thiocyanate). CaWntfC — 

5. Nicotine-derived nitrosamines 
Polycyclic aromatic hydrocarbons 
Naphylamines 

4-aminobiphenyl-hemogIobin adducts 
benzo(a)pyrene-DNA adducts 

10. PAH-albumin adducts 

11. Hydroxyproline 

12. Mutagenic activity of the urine 
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HI. Nicotine Metabolism and Disposition Kinetics 


1. Nicotine metabolized by liver CYP2A6 primarily to cotinine and then to trans-3’- 
hy droxy cotinine. 

2. Cotinine has a longer half-life and is present in higher concentrations compared to 
nicotine. 

3. High correlation between plasma, saliva, and urine cotinine levels. 

4. Cotinine levels are determined by dose of nicotine, percent conversion of nicotine 
to cotinine, and cotinine clearance. 

5. Use of blood concentration of cotinine to assess nicotine intake. 


Intake of nicotine = C h x 
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where Cbss = steady state blood cotinine concentration, CL cot = cotinine 
clearance. 

24-Hour urine excretion of nicotine and all metabolites in a steady state smoking 
condition can also be used to estimate nicotine intake. 

Average nicotine intake per cigarette 1-1.5 mg, but highly variable among 
individuals. 


IV. Sources of Variability in Nicotine and Cotinine Metabolism 

1. Genetic polymorphism 

2. Renal disease 

3. Pregnancy 


V. Food as a Source of Nicotine Exposure — Insignificant Compared to 
Tobacco Exposure 


VI. Use of Biomarkers to Study Smoking Compensation 
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Compensation refers to the degree with which nicotine intake is maintained after 
switching to a cigarette of higher or lower yield. 

Compensation, defined as the degree to which proportional changes in a smoker’s 
intake of a smoke constituent make up for the same proportional change in the 
machine-determined yield of the constituent can be expressed mathematically as 
follows: 


log (markcr 2 ) - log (marker ) 
log (yield 2 ) - logtyield^ 


where C = extent of compensation, marker 1 and yield 1 are the levels of a 
biomarker and machine-test yield before the brand change, and marker 2 and 
yield 2 are levels in the changed brand condition. 

3. Examples of the use of cotinine and other biomarkers in compensation studies. 
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